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Abstract Correction of complex deformities is a chal-
lenging procedure. Long-term wearing of a fixator after
correction and lengthening are inconvenient and has a high
rate of complication. The goals of the surgical treatment in
the presented case were: (1) correction of the deformity and
lengthening of the left leg by the Taylor spatial frame
(TSF, Smith and Nephew, Marl, Germany); (2) reduction
in the time the patient wears the TSF by changing the
fixation system to a plate (lengthening then plating—LTP)
and using a locking compression plate in conjunction with
the 5.0 dynamic locking screws in order to accelerate bone
healing.
Keywords Dynamic locking screw  Distraction
osteogenesis  Multiplanar deformity  Taylor spatial
frame  Lengthening then plating
Introduction
Correction of complex deformities using a ring fixator is a
common technique, but treatment by distraction osteoge-
nesis for deformity correction is challenging. A long
duration with a ring fixator can cause patient dissatisfaction
[1]. Complications including pin-track infection are fre-
quent [2, 3]. Hexapod ring fixators are rigid and allow a
minimum of interfragmentary movement only [4]. Claes
et al. [5] and Goodship et al. [6] have described the
influence of interfragmentary movement on healing in a
bone defect model in sheep. Increased healing with
movement between 0.2 and 1.0 mm was identified [7].
However, Lujan et al. [8] described more bone formation at
the medial side in distal femur fractures after fixation with
a LCP plate. The dynamic locking screw (DLS,
DePuySynthes, Switzerland) concept offers 0.35-mm rel-
ative motion between the screw head and thread due to its
pin–sleeve design. The use of DLS reduces the stiffness of
the plate–screw interface and thus increases the interfrag-
mentary motion at the near cortical side without altering
the advantages of angular stability and the strength [9].
Case report
A 10-year-old patient sustained an anterior cruciate liga-
ment (ACL) tear during school sport. A transepiphyseal
ACL reconstruction using hamstring tendon was performed
in July 2007. In 2009, it was recognised that an increasing
deformity of the injured limb produced symptoms partic-
ularly pain during sports. Physical examination showed a
valgus deformity with a leg length discrepancy of 5.5 cm.
The range of motion (ROM) of the left knee was extension/
flexion of 15-0-150. The patella was located on the
lateral femoral condyle due to internal rotation of the distal
femur. When the knee was flexed to 60, the patella slid
back into the trochlea groove. There was no pain in the
lateral or medial compartment of the knee. The MRI
showed a bony bridge in the growth plate with an intact
ACL and posterior cruciate ligament (PCL). Full-weight-
bearing long-leg radiographs and anteroposterior and lat-
eral knee views were performed. The valgus deformity was
confirmed (Fig. 1). All joint angles were measured
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(Table 1) using mediCAD (Hectec, Germany). Addition-
ally, a CT scan was performed, and rotational deformity
measured was using Osirix MD (Pixmeo SARL, Switzer-
land) (Fig. 2).
The deformity of the left leg was measured to consist of
a femoral rotation discrepancy of 17 compared to the right
femur, a valgus deformity with a mechanical tibiofemoral
angle (mTFA) of 12.7, a negative tibial slope of -16.4
(Fig. 3), and a leg length discrepancy of 5.5 cm, with the
left leg shorter than the right.
The goals of the surgical treatment were: (1) correction
of the deformity and lengthening of the left leg by a hex-
apod ring fixator (TSF, Smith and Nephew, Marl,
Germany); (2) reducing the time in external fixation by
changing the fixation system to a plate (lengthening then
plating—LTP) [12]; and (3) using a locking compression
plate in conjunction with the 5.0 dynamic locking screws
(DLS) [13] in order to accelerate bone healing.
Two hexapod fixators were used, one for the femur and
one the tibia. Both constructs were constructed in advance
to reduce surgical procedure time and the frame diameters
checked to avoid impingement of soft tissue. The proximal
ring of the femoral TSF was fixed with a wire in the
Fig. 1 Preoperative full-weight-bearing long-leg radiograph. Analy-
sis of the deformity with the planning software mediCAD (Hectec,
Germany), angles according to Dror Paley. Measurements are in
Table 1
Table 1 Preoperative analyses of the deformity
Right leg Left leg
mTFA -3.2 12.7
MPTA 83.7 80.1
mLDFA 85.8 70.5
Femoral rotation (CT) -34 -51
Tibial rotation (CT) ?29 ?37
Tibial slope 8.5 -16.4
TT–TG distance (CT, cm) 1.16 2.15
Length femur (mm) 450 428
Length tibia (mm) 401 379
Leg length (mm) 858 803
mTFA mechanical tibiofemoral angle, MPTA medial proximal tibial
angle, mLDFA mechanical lateral distal femur angle, femoral torsion
was measured according to Waidelich [10]. Tibial slope according to
Amendola [11]. TT–TG Tuberositas Tibiae–Trochlea groove distance
Fig. 2 Preoperative CT scan. Analyses of the rotational deformity of
the femur and the tibia using Osirix MD (Switzerland). Method of
measurement according to Waidelich [10]
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anterior third of the frame allowing for sufficient clearance
of soft tissue in the posterior part of the thigh. An addi-
tional wire was passed at an angle of 45 to the first one
followed by two Schanz screws to achieve more stability in
the construct. The mounting parameters were measured
from the proximal frame. The distal ring of the femoral
fixator was fixed at an angle approximate to the measured
deformity and was, as such, parallel to the aLDFA. The
struts were then inserted and the length measurements of
the struts noted. Two of the struts were removed tem-
porarily to allow for the osteotomy of the distal femur
performed using a Gigli saw.
The tibial TSF was mounted in the same manner. The
proximal frame was fixed parallel to the MPTA and to the
tibial slope and this position used for the mounting
parameters. Additionally, the fibula was fixed to the tibia
with a K-wire distally. After connecting the rings with
struts to reflect the measured deformity, an osteotomy
distal to the tibial tuberosity and a distal fibula osteotomy
were performed (Fig. 4).
A latency period of 7 days was applied and correction
started according to the protocol derived from the Web-
based software for the TSF. Continuous correction by
distraction osteogenesis can lead to a decreasing ROM
despite physiotherapy. At the point lengthening was stop-
ped, physical examination documented a maximum ROM
at the knee of 40 flexion. To reduce the duration of the
fixator and its interference with progress with physiother-
apy, a second surgery was performed 3 months after the
first and in accordance with the strategy of lengthening
then plating. The second surgery was started with removal
of the fixator and the stability at the osteotomy tested
intraoperatively. Under fluoroscopy control, the osteotomy
of the femur was deemed stable. In contrast, the distraction
callus at the tibia was flexible, and the final correction of
the MPTA and the tibial slope was possible under anaes-
thesia. A 4-cm incision was performed at the proximal
tibial head medial, and a nine-hole 5.0 LCP T-plate was
subcutaneously inserted using the minimal invasive
osteosynthesis (MIO) technique. Distally a further incision
of 6 cm was performed. For proximal fixation, three 5.0
DLS were used and four 5.0 LS were inserted distally.
Aftercare with physiotherapy and 20-kg partial weight
bearing was performed combined with continuous passive
motion machine (CPM). After 2 weeks, partial weight
bearing was changed to full weight bearing.
Fig. 3 Preoperative knee lateral view. Tibial slope according to
Amendola [11]
Fig. 4 Clinical picture of the mounted double TSF, 4 weeks
postoperatively
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At 2 months postoperatively, the radiographs showed a
complete maturity of the distraction callus and, at after
5 months, a homogenous structure of the bone (Fig. 5).
The bone healing index (BHI) was 1.1 months/cm. After
8 months, the plate was removed as well as the K-wire
from the distal tibiofibular joint. Removal of the DLS 5.0
was without complications. A final physical examination in
September 2012 showed good alignment of the left leg
(Fig. 6; Table 2), and the ROM at the right knee joint
extension/flexion was 0/0/130 (Fig. 7). The patient had
started moderate physical activity, such as cycling, and
reported no pain. Low instability of his ACL was noted as
the only pathological finding.
Discussion
The presented technique using the strategy of lengthening
followed by dynamic plating with the new dynamic locking
screw (DLS) 5.0 which allows for symmetrical motion and
callus modulation. The callus ‘massage’ is thought to
produce early maturity of the distraction callus. Using this
strategy of lengthening then dynamic plating with the MIO
technique, most of the aspects of bone healing are
respected.
Anterior cruciate ligament tears in immature patients are
a controversial issue. The results of conservative treatment
can be followed by continuing instability, problematic
meniscal tears, osteochondral fractures, and potential sub-
sequent osteoarthritis. Reports of ACL reconstruction using
anatomical placement with transepiphysial tunnels and
anchorage far away from the growth plate resulted in a
good clinical outcome [14] but when used in the skeletally
immature may produce growth arrest or growth disturbance
[15, 16]. This can lead to a leg length discrepancy with
angular deformity. This case report describes a solution for
the development of deformity and leg length discrepancy
after such a growth arrest. Different treatment strategies are
available: Instead of a ring fixator, a double-level osteot-
omy at the distal femur and proximal tibia with bone
allograft is a possible solution, but this will not address the
leg length discrepancy. Gradual correction with a ring
fixator is a well-established treatment for this problem.
Whilst hexapod ring fixators offer correction in all six
degrees of freedom [17], deformity analysis should precede
surgery, and the actual treatment remains challenging.
Web-based software programmes that are supplied with
hexapod ring fixators calculate from the mounting param-
eters entered by the orthopaedic surgeon; these need to be
accurate. Complication like stiffness of the knee is frequent
during lengthening of the leg [18, 19]. Pin infections have
been described by many authors, and the fixator is incon-
venient for the patient [12]. Different solutions have been
suggested for these complications. Physiotherapy with the
fixator can be difficult; bending the knee produces stress
across the tensioned wires, especially if the wires or Schanz
Fig. 5 Follow-up radiographs. Osteosynthesis with a nine-hole LCP
in conjunction with three DLS 5.0 proximal and four LS 5.0 distal.
Continuous bone healing. After 2 months, criteria for a
biomechanically stable situation are visible. After 5 months, complete
homogenous bony structures are visible
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screws are located close to a tendon or transfix muscle or
the iliotibial tract. This problem is related to the position of
the Schanz screws and wires as they pass obliquely through
the quadriceps in a direction from medial and lateral.
Additionally, the wire on the distal femoral ring passes
through the capsule of the knee joint but was required to
maintain sufficient stability. The aim of this treatment
strategy was early removal of the fixator to facilitate pro-
gress with physiotherapy. Nailing after lengthening [20]
and lengthening then plating [12] have been described to
enable this objective. Concerns over a higher rate of deep
infection have not been fully realised [12, 20]. In the pre-
sent case, nailing was deemed to be technically demanding
in view of the mounted TSF because at the first surgery a
change of the fixator to plating was not envisaged.
Although higher complication rates of deep infection are
not reported with this technique, we advocate using this
strategy only if the patient has no serious infections related
to the Schanz screws or wires. Lengthening then plating
has complications such as breakage of the implant when
there is delayed maturity of the distraction callus [12]. To
reduce this risk the bone healing should be accelerated.
With the new DLS concept, dynamization through the plate
is possible. Symmetrical motion under the plate and at the
far cortex [21] results in callus modulation. With a maxi-
mum motion of 0.35 mm in the DLS 5.0, the results and
recommendations from sheep studies by Claes et al. [7]
seemed to be realised. This principal appears a logical
concept to accelerate bone healing. The observed BHI of
our patient with 1.1 months/cm is lower than the BHI of
2.1 months/cm from LTP without the DLS [12]. Limita-
tions in this evaluation and comparison with other studies
lie in the definition of the BHI. Generally, three visible
cortices in the regenerate column on two orthogonal plain
radiographs are defined as the end point. However, agree-
ment for a reliable method to measure the bone healing in
distraction callus is not yet available.
Summary
We present a case of correction of leg length discrepancy
and deformity using the lengthening then plating strategy.
Internal fixation was performed using dynamic locking
screws in a plate which allowed for callus modulation and a
low bone healing index of 1.1 months per centimetre. This
appears to facilitate a rapid consolidation of the regenerate
column and may assist in preventing failure of the plate
before consolidation of the callus.
Fig. 6 Postoperative full-weight-bearing long-leg radiograph. Anal-
ysis of the deformity with the planning software mediCAD (Hectec,
Germany), angles according to Dror Paley. Measurements are in
Table 2
Table 2 Postoperative analyses of the deformity
Right leg Left leg
mTFA -2.2 2.1
MPTA 85 92.5
mLDFA 85.2 90.8
Tibial slope 8.5 2.5
Length femur (mm) 450 421
Length tibia (mm) 395 414
Leg length (mm) 857 837
mTFA mechanical tibiofemoral angle, MPTA medial proximal tibial
angle, mLDFA mechanical tibiofemoral angle. Tibial slope according
to Amendola [11]
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